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(57)Abstract 

PROBLEM TO BE SOLVED: To prevent a plasma treating fault from 
occurring by stopping the plasma process when an abnormal 
discharge occurs. 

SOLUTION: The apparatus 23 for plasma treating a semiconductor 
wafer 5 which places a wafer stage 27 comprises a treating gas 
introducing means 3, a vacuum chamber 2 having the wafer stage 27 
for placing an exhaust means 6 and a semiconductor wafer, and a 
plasma generating means 1 for generating a plasma in the chamber 2 
by supplying a high-frequency power into the chamber 2. The 
apparatus 23 further comprises a sensor 9 for electrically or 
optically measuring the state amount of the apparatus to detect the 
abnormal plasma discharge based on the differentiated value 17 of 
the output of the sensor. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The vacuum chamber equipped with the wafer stage in which a raw gas installation means, 
an exhaust air means, and a semi-conductor wafer are laid, In the plasma treatment equipment which 
performs plasma treatment to the semi-conductor wafer which was equipped with a plasma 
production means to supply high-frequency power in this vacuum chamber, and to generate the 
plasma in said vacuum chamber, and was laid in said wafer stage This processor is plasma treatment 
equipment characterized by having the sensor which measures the quantity of state of a processor 
electrically or optically, and detecting the abnormalities of plasma discharge based on the differential 
value of this sensor output. 

[Claim 2] The vacuum chamber equipped with the wafer stage in which a raw gas installation means, 
an exhaust air means, and a semi-conductor wafer are laid, In the plasma treatment equipment which 
performs plasma treatment to the semi-conductor wafer which was equipped with a plasma 
production means to supply high-frequency power in this vacuum chamber, and to generate the 
plasma in said vacuum chamber, and was laid in said wafer stage Plasma treatment equipment 
characterized by having the sensor which measures the reflective power of the high-frequency power 
supplied in a vacuum chamber, and detecting the abnormalities of plasma discharge based on the 
differential value of this sensor output. 

[Claim 3] It is plasma treatment equipment characterized by setting to the publication of any one of 
claim 1 thru/or claim 2, and judging with the abnormalities of plasma discharge being unusual when 
it is larger than the forward set point which the maximum within the predetermined time of a sensor 
output set up beforehand and the minimum value within said predetermined time is smaller than the 
negative set point set up beforehand. 

[Claim 4] The vacuum chamber equipped with the wafer stage in which a raw gas installation means, 
an exhaust air means, and a semi-conductor wafer are laid, It has a plasma production means to 
supply high-frequency power through an impedance matching means in this vacuum chamber, and to 
generate the plasma in said vacuum chamber. In the plasma treatment equipment which performs 
plasma treatment to the semi-conductor wafer laid in said wafer stage Plasma treatment equipment 
characterized by detecting the abnormalities of plasma discharge based on the detecting signal of the 
sensor which measures the reflective power of the high-frequency power supplied in a vacuum 
chamber, and the signal which shows fluctuation of said impedance matching means. 
[Claim 5] The vacuum chamber equipped with the wafer stage in which a raw gas installation means, 
an exhaust air means, and a semi-conductor wafer are laid, It has a plasma production means to 
supply high-frequency power through an impedance matching means in this vacuum chamber, and to 
generate the plasma in said vacuum chamber. In the plasma treatment equipment which performs 
plasma treatment to the semi-conductor wafer laid in said wafer stage The detecting signal of the 
sensor which measures the reflective power of the high-frequency power supplied in a vacuum 
chamber, Plasma treatment equipment characterized by judging with time fluctuation of the reflected 
wave of high-frequency power being large, and plasma discharge being unusual when time 
fluctuation of the signal which shows capacity fluctuation of said adjustment means is small based 
on the signal which shows capacity fluctuation of the component which constitutes said impedance 
matching means. 

[Claim 6] The vacuum chamber equipped with the wafer stage in. which a raw gas installation means, 
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an exhaust air means, and a semi-conductor wafer are laid, The power source for bias which supplies 
high frequency bias voltage to said wafer stage, A plasma production means to supply high- 
frequency power through an impedance matching means in this vacuum chamber, and to generate 
the plasma in said vacuum chamber, In the plasma treatment equipment which performs plasma 
treatment to the semi-conductor wafer which was equipped with the photodetector which detects 
plasma luminescence in said vacuum chamber, and was laid in said wafer stage Plasma treatment 
equipment characterized by detecting the abnormalities of plasma discharge based on the signal 
concerning said power source for bias, and the detecting signal of said photodetector. 
[Claim 7] An abnormality discharge detection means to detect the abnormalities of plasma discharge 
in the publication of any one of claim 1 thru/or claim 6 is plasma treatment equipment characterized 
by predicting generating of abnormality discharge by comparing with the collection data at the time 
of the normal discharge which was equipped with a data collection means to collect detecting 
signals, and was collected for the collection means. 

[Claim 8] The vacuum chamber equipped with the wafer stage in which a raw gas installation means, 
an exhaust air means, and a semi-conductor wafer are laid, In the plasma treatment approach of 
performing plasma treatment to the semi-conductor wafer which was equipped with a plasma 
production means to supply high-frequency power in this vacuum chamber, and to generate the 
plasma in said vacuum chamber, and was laid in said wafer stage It has the sensor which measures 
the reflective power of the high-frequency power supplied in a vacuum chamber. The plasma 
treatment approach characterized by detecting the abnormalities of plasma discharge based on the 
differential value of this sensor output, and carrying out selection processing of any of the alert of an 
alarm, a halt of the plasma treatment under processing, or a halt of the plasma treatment of the 
processed material after a degree they are based on this detecting signal. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the plasma treatment equipment which can be 
applied to plasma treatment equipment and an art, especially can prevent generating of the poor 
plasma treatment based on the abnormalities (instability discharge is included) of plasma discharge. 
[0002] 

[Description of the Prior Art] In plasma treatment equipments, such as CVD (chemical vapor 
deposition) or etching, the allowance width of face (process window) of the process conditions from 
which a uniform processing result is obtained in a wafer is becoming narrow every year 
corresponding to detailed-izing of a semiconductor device in recent years. For this reason, 
employment on process conditions with more perfect plasma treatment equipment is desired. 
Moreover, it is required that said process conditions should be stable over the processing period of 
the wafer of not only one sheet but a large number. 

[0003] Generally, process conditions are changed by adhesion of the resultant generated as 
processing was repeated etc. In CVD (chemical vapor deposition) or etching, by adhesion of the 
resultant generated as processing was repeated etc., the condition of a chamber changes and the 
conditions of plasma treatment ****** gradually. For example, particle occurs with the resultant 
adhering to a chamber, and potential or a consistency of the presentation of a dissociation kind and 
the plasma etc. changes during plasma treatment. 

[0004] Hereafter, generating of particle is described concretely. Usually, the aluminum which carried 
out alumite processing of the front face is used for the vacuum chamber which performs plasma 
treatment. If it goes plasma treatment in piles, the deposition film of a resultant will be generated on 
said alumite layer. The front face of this deposition film has become with the electron in the plasma 
that the charge up is easy to be carried out, and the electron of a deposition film front face serves as 
an excessive amount. If the deposition film separates by emitting this electron into the bulk plasma, 
these will serve as dust and will be emitted into the plasma. A part of such dust comes flying on a 
wafer, and it brings about poor plasma treatment. Moreover, when abnormality discharge occurs in 
the plasma, the semiconductor device on a wafer carries out the charge up, and a component may be 
destroyed when an excessive current flows. Furthermore, the electric resistance or electrostatic 
capacity between the plasma and a chamber may change, or the reaction balance in a chamber front 
face may change, and the presentation of the dissociation kind in the plasma may change with the 
deposition film of said resultant. In this case, the plasma discharge itself changes, and the instability 
of the plasma is produced, and the defect of plasma treatment is caused. 
[0005] 

[Problem(s) to be Solved by the Invention] In order to prevent the trouble resulting from the above 
abnormality discharge or plasma instability, before becoming more than thickness with the 
deposition film, it is common to maintain washing of a vacuum chamber etc. However, it is difficult 
to grasp the timing which maintains to accuracy. Even if it is made to maintain a little early, 
possibility that the poor processing by abnormality discharge or discharge instability will occur in 
said early maintenance period depending on the hysteresis of plasma treatment will not be avoided. 
[0006] This invention was made in view of these troubles, and offers the plasma treatment 
equipment which can suspend plasma treatment and can prevent generating of poor plasma treatment 
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at the time of abnormality discharge generating. 
[0007] 

[Means for Solving the Problem] The following means were used for this invention in order to solve 
the above-mentioned technical problem. 

[0008] The vacuum chamber equipped with the wafer stage in which a raw gas installation means, an 
exhaust air means, and a semi-conductor wafer are laid, In the plasma treatment equipment which 
performs plasma treatment to the semi-conductor wafer 5 which was equipped with a plasma 
production means to supply high-frequency power in this vacuum chamber 2, and to generate the 
plasma in said vacuum chamber, and was laid in said wafer stage This processor is equipped with the 
sensor which measures the quantity of state of a processor electrically or optically, and detects the 
abnormalities of plasma discharge based on the differential value of this sensor output. 
[0009] 

[Embodiment of the Invention] Drawing 1 is drawing showing the operation gestalt of this invention. 
The plasma treatment section in plasma treatment equipment 23 consists of the means 3, the exhaust 
air means 6, etc. of introducing gas into plasma production means 1 (for example, electrode with 
which high-frequency voltage is supplied) to generate the plasma in response to the electric power 
supply from a high-frequency power generating means (for a microwave generating means to be 
included), the vacuum chamber 2, and a vacuum chamber. Moreover, the part by which said plasma 
of a vacuum chamber is generated is equipped with the wafer stage 27, and the wafer carried in with 
the carrier system which is not illustrated is laid on this wafer stage. Moreover, the high-frequency 
power generating means 8 is electrically connected to the plasma production means 1 through the 
impedance matching means 7. 

[0010] Between the high-frequency power generating means 8 and the adjustment means 7, the 
directional coupler 9 for detecting the progressive wave power and reflected wave power of a RF 
which are transmitted is installed. From a directional coupler, the voltage waveform proportional to 
the progressive wave power and reflected wave power of a frequency which a high-frequency power 
generating means generates is outputted. The voltage waveform proportional to progressive wave 
power and reflected wave power is detected by detector circuits 1 0 and 1 1 , respectively. 
Subsequently, after these detection outputs are amplified by amplifying circuits 12 and 13 at a proper 
electrical potential difference, respectively, the voltage signal 14 with which progress is proportional 
to power, and an echo serve as the voltage signal 15 proportional to power, and are outputted. 
[001 1] the wave of the reflected wave power with which drawing 2 is outputted from a directional 
coupler here — drawing and drawing 3 which show 50 — the wave after detection of reflected wave 
power — it is drawing showing 55. 

[0012] Said directional coupler 9, detector circuits 10 and 1 1, and amplifying circuits 12 and 13 are 
usually built in the power-source system 22 including the high-frequency power generating means 8, 
and said signals 14 and 1 5 are outputted as analog output in many cases. 

[0013] the wave after detection when drawing 4 generates abnormality discharge to the plasma — it 
is drawing showing 60. Various noises are included as shown in drawing. Then, with the 1 st low 
pass filter 1 6, the signal 65 as shown in drawing 5 is acquired by removing a high frequency 
component and a noise. 

[0014] Next, a signal 65 is supplied to a differential circuit 17, and primary differential is performed. 
It is S.J Orfanidis, although there are various approaches in order to obtain primary differential. : 
"Introduction to Signal Processing": By using the Savitzky-Golay smoothing differentiation 
indicated by Prentice Hall (1996), comparatively few primary differential value signals 70 of the 
effect of a noise as shown in drawing 6 can be acquired. 

[0015] Since some noise fluctuation is included in the primary differential signal 70, the signal 75 
eventually used for distinction of abnormality discharge as shown in drawing 7 is acquired by 
covering the 2nd low pass filter 18. 

[0016] The signal which processed the signal 15 which shows reflected wave power by low pass 
filters 16 and 18 and the differential circuit, and the signal 20 which shows fluctuation of the signal 
14 and impedance matching means which show progressive wave power are inputted into the 
abnormality discharge detector 19 which detects abnormality discharge. 

[0017] Although the gestalt changes with frequencies to process, in the adjustment machine of a high 
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frequency band thru/or a UHF band, the impedance matching means 7 has two thru/or three variable 
capacitors inside, and takes impedance matching by changing the capacity of these variable 
capacitors. Therefore, the signal 20 which shows fluctuation of said impedance matching means can 
be made into the signal which shows the capacity of said variable capacitor in the adjustment 
machine of a high frequency band thru/or a UHF band. 

[0018] In addition, the whole plasma treatment equipment 23 containing said power- source system 
22 is controlled by the control system 4, and plasma treatment is performed one by one to the wafer 
laid on the wafer stage 27. 

[0019] Drawing 8 is a flow chart which shows actuation of the abnormality discharge detector 19. 
First, the detector is always carrying out the monitor of the progressive wave power signal Pf (signal 
14), and when a signal 14 is larger than the value PfO set up beforehand, actuation is started as that 
by which plasma treatment was started (step 1). Maximum deltaCmax of fluctuation of the capacity 
of three variable capacitors with which the detector was built in the adjustment machine for every 
(every [ in this case, ] 5 seconds) fixed time amount, Fluctuation deltaPf of the progressive wave 
power signal Pf is checked (step 2), and detection processing of abnormality discharge is not 
performed noting that it is inside in the cases, such as immediately after firing of the plasma, and a 
change of a processing step, when these fluctuation is larger than the values delta CO and delta PfO 
set up beforehand (step 4). When that is not right, the plasma judges that it is in the condition (it is 
not the semantics that there is neither abnormality discharge nor instability) stabilized to some 
extent, and starts detection of abnormality discharge (step 5). As drawing 4 thru/or drawing 7 
explained the reflected wave signal for 5 seconds first, it processes with a low pass filter 16, the 
Savitzky-Golay smoothing differential circuit 17, and the 2nd low pass filter 18 (steps 5, 6, 7, and 8), 
and the signal 75 (signal eventually used for detection of abnormality discharge) as shown in 
drawing 7 is acquired. 

[0020] Subsequently, it considers as the criteria of decision of Maximum alpha (forward) and the 
minimum value beta (negative) of the signal 75 for [ said ] 5 seconds, and when Maximum alpha and 
the minimum value beta fill alpha>alpha 0 and beta<beta 0 to the values alphaO and betaO set up 
beforehand, fluctuation of a reflected wave considers that it is unusually large, and judges that it is 
abnormality discharge (steps 9 and 10). Here, it uses that they are alpha>alpha 0 and beta<beta 0 for 
decision of the existence of abnormality discharge because a reflected wave is "it increasing and 
decreasing" or the fluctuation pattern of a reflected wave with that peculiar to abnormality discharge 
of "a decrease increases." For example, when it merely decreases greatly for said 5 seconds 
throughout, beta<beta 0 is filled, but since alpha>alpha 0 is not filled, it can be judged as stable 
discharge (step 11). 

[0021] In the flow chart shown in drawing 8 , although the existence of abnormality discharge was 
judged for every [ which is called for 5 seconds ] fixed time amount As shown in drawing 7 , after 
performing the first processing for 5 seconds first, as processing for [ it comes to a degree ] 5 
seconds may be performed or it is shown in drawing 9 , processing which judges the existence of 
abnormality discharge continuously using the hysteresis of the signal by the time of day which went 
back for 5 seconds after a certain time of day may be performed. 

[0022] When it is judged that abnormality discharge occurred by the abnormality discharge detector 
19, the abnormality discharge detecting signal 21 is outputted to a control system 4. A control system 
4 can suspend plasma treatment promptly. In addition, also when it does not have serious effect to 
plasma treatment depending on extent of the generated abnormality discharge, for a certain reason, 
the wafer under processing may perform plasma treatment as it is, and may interrupt the plasma 
treatment of the wafer after a degree. Or you may give the alert for an alarm. 

[0023] In the above explanation, although the reflected wave of the high-frequency power for plasma 
production was used as a signal for detecting abnormality discharge of the plasma, all the electric or 
optical signals of this invention that show a plasma treatment condition are available, without being 
limited to a reflected wave. 

[0024] Moreover, as a signal for detecting abnormality discharge of the plasma, it can use combining 
the detecting signal from other means out of the reflected wave of the high-frequency power for 
plasma production. 

[0025] For example, the signal 20 (signal which shows the capacity of a variable capacitor) which 
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shows fluctuation of the impedance matching means 7 can be used. In this case, when extent of time 
fluctuation of the reflected wave of the detected high-frequency power is large and extent of time 
fluctuation of the signal 20 which shows fluctuation of said adjustment means is small, it can 
distinguish that abnormality discharge occurred. 

[0026] Drawing 10 is drawing showing other operation gestalten. In addition, the same sign is 
attached about the same part as the part shown in drawing 1 in drawing, and the explanation is 
omitted. In plasma treatment equipment, in order to control the ion energy which carries out 
incidence to a processed material, RF generator 31 (it is hereafter called the power source for bias) 
other than the power source for plasma production is connected to the wafer stage 27 in which a 
processed material is laid through the adjustment machine 30 for bias. In drawing 10 , it changes to 
the reflected wave of the high-frequency power for plasma production, and the signal concerning the 
peak voltage 32 of this power source 3 1 for bias, the DC component 33, and the power source for 
bias of reflective power 34 grade is supplied to the 1st low pass filter 16. A low pass filter 16, a 
differential circuit 1 7, and the 2nd low pass filter 1 8 supply these signals to the abnormality 
discharge detector 19, after performing a filter and differential processing. An abnormality discharge 
detector can detect the instability of the plasma, and abnormality discharge like the case where the 
reflected wave of the power for plasma production is detected, by using these signals, these signals, 
the signal 20 (signal which shows the capacity of a variable capacitor) which shows fluctuation of 
said impedance matching means 7, etc. 

[0027] Moreover, plasma luminescence obtained by the photodetector 28 formed in the vacuum 
chamber is detected, and even if it carries out the spectrum of the plasma luminescence which 
detected through a spectrum and the signal magnification unit 29 and supplies a lightwave signal to 
an abnormality signal detector through the 1st low pass filter 16, differential circuit 17, and 2nd low 
pass filter 1 8 at this rate, it is possible to detect abnormality discharge of the plasma like the above. 
[0028] Drawing 1 1 is drawing showing the operation gestalt of further others. In addition, the same 
sign is attached about the same part as the part shown in drawing 1 in drawing, and the explanation is 
omitted. 

[0029] In drawing, as for the data collection section 25, the quantity of gas flow supplied to a 
vacuum chamber, power, gas pressure, etc. always collect process recipe data required for plasma 
treatment by receiving the process recipe data signal 26 from a control system 4. Moreover, the 
signals which show fluctuation of progressive wave power, reflected wave power, and an impedance 
matching means are collected similarly. 

[0030] The abnormality discharge detector 19 monitors all these data continuously. In the completely 
same process recipe, when the newly performed plasma treatment signals differ greatly to the 
hysteresis signal of these processing signals over the already processed wafer, this is detected, an 
abnormality signal is emitted to a control system 4, and it emits warning to delivery and a user. Or 
the plasma treatment of the wafer under processing activation or the plasma treatment of the wafer 
after the degree of the wafer under processing activation is suspended. 
[0031] Although it is necessary to set up the suitable parameter (alphaO, betaO) forjudging 
abnormality discharge beforehand in the example shown in drawing 1 In this example, process 
recipe data and a metaphor can perform detection or prediction of abnormality discharge generating, 
when the signal data in which fluctuation of reflected wave power is shown are stored and the 
historical data and the current line when performing normal processing compare the processing 
signal which is. 

[0032] As explained above, the abnormality discharge accompanying deposition of the resultant to a 
vacuum chamber is promptly detectable. Moreover, based on this detection, plasma treatment can be 
interrupted and the poor plasma treatment resulting from the shift of particle, a charge-up damage, 
and a process etc. can be prevented. Therefore, the plasma treatment engine performance as the 
whole and the operating ratio of equipment improve, and detailed etching processing, quality 
membrane formation processing, surface treatment processing, etc. are attained. 
[0033] 

[Effect of the Invention] As explained above, according to this invention, the plasma treatment 
equipment which can suspend plasma treatment and can prevent generating of poor plasma treatment 
at the time of abnormality discharge generating can be offered. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of tnis translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the plasma treatment equipment concerning the operation gestalt 
of this invention. 

[Drawing 2] It is drawing showing the wave of the reflective power outputted from a directional 
coupler. 

[Drawing 3] It is drawing showing the wave after detection of reflective power. 

[Drawing 4] It is drawing showing the wave after detection when abnormality discharge occurs to 

the plasma. 

[ Drawing 5] It is drawing showing the wave after processing by the low pass filter. 
[Drawing 6] It is drawing showing a primary differential signal. 

[Drawing 7] It is drawing showing the wave of the signal used for distinction of abnormality 
discharge. 

[Drawing 8] It is the flow chart which shows actuation of an abnormality discharge detector. 
[Drawing 9] It is drawing explaining distinction of the abnormality discharge performed using 
hysteresis. 

[Drawing 10] It is drawing explaining other operation gestalten. 

[Drawing 1 1] It is drawing explaining the operation gestalt of further others. 

[Description of Notations] 

1 Plasma Production Means 

2 Vacuum Chamber 

3 Gas Installation Means 

4 Control System of Plasma Treatment Equipment 

5 Semi-conductor Wafer 

6 Exhaust Air Means 

7 Impedance Matching Box 

8 High-frequency Power Generating Means 

9 Directional Coupler 

10 11 Detector circuit 
12 13 Amplifying circuit 

1 6 1 st Low Pass Filter 

1 7 Primary Differential Circuit 

18 2nd Low Pass Filter 

19 Abnormality Discharge Detector 

22 Power-Source System 

23 Plasma Treatment Equipment 
25 Data Collection Section 

27 Wafer Stage 

28 Photodetector 

29 Spectrum and Signal Magnification Unit 

30 Adjustment Machine for Bias 

3 1 RF Generator for Bias 
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